In 2009, bedding plants accounted for $1.81 billion in sales based on data collected from 15 states by the U.S. Department of Agriculture (USDA) National Agriculture Statistics Service (NASS) as a subset of overall floriculture crop sales (USDA NASS, 2010) . Products in this sector include flowering annuals (ornamental plants primarily used in outdoor landscapes) and selected food-producing plants such as vegetable transplants (e.g., tomato, pepper, and squash) and herbs (e.g., basil, parsley, and cilantro).
The ornamental plant industry consists of a few large but many medium and small-scale growers (Hall et al., 2005) . In recent years, the intense competition from large domestic and international growers has forced medium-and small-scale farmers to identify and explore new niche markets for their commodities through value-added marketing. To discover a profitable niche market is a complicated task because demand is highly segmented among end consumers. Like with any shift in production, becoming a more sustainable operation has the potential to appeal to a segment of the market, thus creating a niche market for products or the entire output of that business. Previous studies have shown that consumer demand for environmentally conscious products and business practices is rapidly rising (Yue et al., 2010a,b) . Consumers are also increasingly concerned about the origin of products they buy and how they were produced; at least some consumers may be more willing to pay a premium price or shop exclusively at one business over another if they know that products are grown locally or in a sustainable manner ).
Previous studies have also shown that consumers are interested in ecofriendly products and the use of ecolabels has grown rapidly worldwide (Basu et al., 2004) . Other studies on ecolabeling have shown that consumers are often willing to pay more for ecofriendly products: Blend and Van Ravenswaay (1999) , Thompson and Kidwell (1998) , and for apples; Wessels et al. (1999) for seafood; Veisten (2007) for wood furniture; and Nimon and Beghin (1999) for apparel. Organically grown food products have become increasingly popular in recent years. Global sales of organic food products have increased at a rate of more than $5 billion annually (Willer et al., 2008) . There are many factors that influence consumers to buy organic produce, including: 1) their perceptions regarding healthfulness, environmental friendliness, taste, freshness, quality; and 2) their desire to avoid genetically modified foods (Demeritt, 2002; Schifferstein and Oude Ophuis, 1998; . Locally grown food products have appealed to an increasing number of consumers in the past several years. Previous studies that focused on choices at farmers' markets showed that consumers expect higher quality (for example, freshness and taste) and lower prices (Brown, 2002 (Brown, , 2003 . Besides attributes such as freshness and being safe to eat, one of the most important motivations underlying their choice of locally grown food is that they feel they are supporting the local economy (Yue and Tong, 2009) .
There is a belief that the demand for organic and sustainable flower products is increasing in the United States as a result of an emerging market segment focused on health and fitness, the environment, personal development, sustainable living, and social justice (Stewart, 2007) . Researchers recently investigated consumer preferences for selected sustainable ornamental products and practices (Hall et al., 2010; Yue et al., 2010b) and found that one important attribute involved in the consumer's decision to purchase a plant was the type of container in which it was grown. However, no formal studies have systematically investigated the level of consumer interest in plants that are produced in a sustainable manner.
Often product characteristics are also considered using the dichotomy between intrinsic and extrinsic product attributes (Olson and Jacoby, 1972) . Intrinsic attributes are attributes of the physical product itself (e.g., the color of flowers). Extrinsic attributes include those not directly associated with the physical product such as price and product origin (e.g., locally grown plants). Product quality can be defined in terms of the moment at which the consumer receives information about the characteristics of the products while shopping or consuming it (Becker, 2000) . There are three categories of quality attributes: search characteristics, experience characteristics, and credence characteristics. Search characteristics are those intrinsic and extrinsic quality attributes that can be ascertained before the purchase; for example, the color and height of an ornamental plant. In contrast, experience characteristics are the intrinsic attributes that can only be established by experiencing the product; for example, the taste of herbs. Credence characteristics cannot be validated (or can be validated only at very high cost) by consumers either before or even after the purchase; for example, the health benefits from consuming herbs. Unlike food products, consumers purchase most plants for their aesthetic value (search characteristics that can be validated at the moment of purchase) instead of their nutritional value or eating quality (experience characteristics or even credence characteristics that cannot be validated at the moment of purchase). Many of the health concerns related to food products at the moment of purchase might not be applicable to plants. Therefore, earlier findings about consumer preferences for sustainable food products might not apply to plants, especially ornamental plants, yet a desire to support the local economy may extend to non-edible plants.
In this study, we tested two hypotheses: 1) consumers are more interested in ornamentals, vegetable transplants, and herbs grown in sustainable ways than conventionally grown plants; and 2) consumers have different levels of interest in local plants, organic plants, and plants grown with different sustainable production methods. We included organic and local attributes, because most consumer studies have in the past as well as attributes related to plants grown in a sustainable manner (sustainable plants).
Materials and Methods
An Internet survey was conducted to investigate consumers' interest in sustainably grown plants compared with conventionally grown plants. The survey was administered through the Internet accessing a sample of 300 consumers each from Indiana, Michigan, Minnesota, and Texas, whose average demographic characteristics were representative of the population at large in those states. The Internet survey was developed by the researchers and approved by the university committees involved with research on human subjects. The survey was then implemented by Knowledge Networks during July 2009. This firm (http://www.knowledgenetworks. com/index5.html) conducts survey research for economic, social, and political clients that include Stanford and Harvard universities and CBS News. Advantages of web-based surveys, according to McCullough (1998) , are they are potentially faster to conduct than telephone or face-to-face interviews and generate more accurate information with less human error.
The data were collected during July 2009 using Knowledge Network's web-enabled KnowledgePanelÒ. This is a probability-based consumer panel designed to be representative of the U.S. population. The survey was administered through the Internet accessing a sample of 300 KnowledgePanel consumers from Indiana, Michigan, Minnesota, and Texas. Knowledge Networks provides Internet access to potential respondents without it, thereby eliminating that potential bias. Before the formal Internet survey was sent to a larger sample of participants, Knowledge Networks conducted an online pretest of the questionnaire with a smaller sample to ensure the questions were easily understood. To eliminate possible non-response bias, Knowledge Networks provided weights that were used to correct for such bias in our statistical analysis. To eliminate respondents who do not purchase outdoor plants, we asked potential respondents if they had purchased any plants for any type of outdoor use during the last year (since July 2008). If the respondent did not purchase any plants, then the survey ended and the respondent did not proceed to subsequent questions. An answer of ''yes'' gave the respondent access to the remainder of the survey. The survey was comprised of the following questions: how much participants have spent on plants in the past year; types (annual, perennial, herbs, and vegetable; shrubs and woody plants, trees, indoor plants, etc.) and amounts of plants purchased in the past year; participants' perception of ''sustainability''; what percent of their total household budget was spent on organic food; and how interested they would be in purchasing selected plant types, including conventional plants, organic plants, sustainable plants, locally produced plants, plants grown with organic fertilizers, plants grown in energy-efficient greenhouses, plants grown in biodegradable pots, plants grown in compostable pots, and plants grown in recyclable pots. We used a 7-point Likert scale to elicit consumer interest in these different types of plants with 1 conveying ''low interest'' and 7 meaning ''high interest.'' A total of 1113 people participated in the survey with 834 participants completing the survey. The remainder of the respondents did not finish the survey because they did not purchase any ornamental plants in the past year. Because the dependent variables were categorical and ordinal (seven levels of interest in different plants), we used a mixed order probit model to estimate the probability of a consumer's interest in different plants (Yue and Behe, 2008) .
Consumers' satisfaction with and interest in the alternative plant types is correlated with certain measurable factors, including the consumers' demographic characteristics, the amount spent on plant-related products and organic food products, and the types of plants they purchased. Demographic characteristics of consumers included age, gender, education, household size, marital status, income, Metropolitan Statistical Area (MSA), etc. We used the mixed order probit model to analyze consumers' opinion or attitudinal data. When the survey asked the respondents' opinion, the intensity of their feelings was dependent on various factors, some measurable and some unobservable. We also included preference questions related to more detailed sustainable production methods such as plants grown using organic fertilizers, plants grown in energyefficient greenhouses, and plants grown in different types of pots. Findings about the consumers' interest in more sustainable plant production methods can provide clear guidance to plant producers on what types of sustainable practices to adopt to remain profitable and competitive in the marketplace.
In many situations, the respondents were given only a set number of possible answers, say seven, to the question of y. Consumers choose the cell that most closely represents the intensity of response to the question. The consumers' choice of the seven categories is dependent on an underlying satisfaction function from certain products' attributes. Suppose U ij is the satisfaction that consumer i derives from product j's certain attribute and U ij can be expressed as follows: U ij = X i b j + g i + e ij ; i = 1; 2; :::; n j = 1; 2; :::; J (1) where X i is the design matrix, which includes product quality attributes; b j is the coefficient associated with X i ; g i is the random individual effect, which is assumed to follow normal distribution with mean zero and SD s g ; the random individual effect is used to capture the correlation between the choices on multiple products made by the same individual; and e ij is the residual error term that is not captured by design matrix X i , which is assumed to follow normal distribution with mean zero and SD s e . There are n consumers and J products. U ij cannot be observed. What we observe is the ith consumer's choice, which is denoted as Y ij .
. . .
The structure of Eq. (2) is a form of censoring for i = 1,ÁÁÁ,n; j = 1ÁÁÁJ. The u's are unknown ''cutoff points'' parameters, which can be estimated. When analyzing how sociodemographic background affected consumer interest in each plant type, we used the ordered probit model instead of the mixed order probit model without g i in Eq. (1). This is because we analyzed each type of plant separately and there was no individual effect to capture. Table 1 shows the summary statistics of Internet survey respondents' background information. The average age of the participants was 47 years; the average education level was some college; 52% of participants were female; 53% of participants were married; 25% of them had children younger than 12 years old; 84% had a detached family house; participants' average income was between $40,000 and $50,000; on average, there were three people per household; and less than 25% of their household food budget was spent on organic food. The average annual dollar amount participants spent on gardening-related products was $51 to $100; 57% of participants had bought annual plants in the past year; 47% had purchased perennial plants in the past year; 45% had purchased herbs or vegetable plants; 21% had purchased shrubs; 13% had purchased trees; 27% had purchased indoor plants; 81% participants were from urban area; and participants were evenly distributed across the four states (Indiana, Michigan, Minnesota, and Texas). (Table 2) .
Results and Discussion
To test if participants' interests in different types of plants were significantly different from each other, we ran the mixed order probit model using interest level (1 to 7) as the dependent variable and plant type as independent variables. We used conventional plants as the base for the estimation and the corresponding coefficient was set to zero. Table 3 and Figure 1 present the estimation results. The estimated coefficients in the second column of Table 3 imply that, except for plants grown with organic fertilizers, participants' interests in other types of plants were all significantly different from their interest in conventional plants. Participants' interest in organic plants was significantly lower than their interest in conventional plants, whereas their interests in other types of sustainable plants were all significantly higher than their interest in conventional plants. We illustrated the value of the coefficients in Figure 1 . If the confidence interval covers zero, it means participants' interest in the corresponding type of plants is not significantly different from the interest in conventional plants. The random individual effect is highly significant, which indicates that the mixed order probit model should be used instead of the standard probit model to estimate consumers' interests in different plant types.
To further explore if participants' interests in different types of sustainable plants were significantly different from each other, we conducted Wald tests for the equality of coefficients. The estimation results are in Table 4 , which shows that participants' relative interest in organic plants is significantly lower than their interest in all other categories. Participants' interest in sustainable plants is lower than that in locally grown plants and plants grown in biodegradable, compostable, and recycled pots but significantly higher than their interest in plants grown with organic (Table 5) . We can see that participants' age significantly affects their interest in organic plants and compostable pots with younger consumers showing higher levels of interest. We found the older the participants, the higher the interest in compostable pots.
We also found the higher the participants' education level, the lower the interest in plants grown in energy-efficient greenhouses. Participants' gender significantly affects their interests in different types of plants and we found compared with male participants, female participants were more interested in locally grown plants, plants grown with organic fertilizers, plants grown in energy-efficient greenhouses, and plants grown in biodegradable, compostable, and recyclable pots.
Participants with children younger than 12 years of age at home were more interested in organic plants. This is similar to the results from previous studies that indicate consumers who had children were more willing to buy organic food products because they were concerned about the health of their children (Yue et al., 2007) . Those participants who have a detached house were more interested in plants grown in compostable pots. We found the larger the participants' household size, the lower the interest in organic plants and plants grown with organic fertilizers. This is consistent with earlier findings that people with larger household size were less interested in organic food products (Yue et al., 2010a) .
We found participants who spent more of their food budget on organic food purchases were also more interested in organic, locally grown, and sustainable plants; plants grown with organic fertilizers and in energy-efficient greenhouses; and plants grown in the three types of sustainable pots. As mentioned earlier, consumers who purchase organic food products were more concerned with their own health as well as their environmental impacts. Therefore, it is expected that those consumers who were more concerned about the environment or their own health were more interested in organic plants or plants that were produced in sustainable manners. Those participants who spent more on garden-related products were more interested in all the plants in our study than those people who spent less on garden-related products.
Our estimation results also show that participants who have purchased different types of plants in the past year have different levels of interest in the various types of ''sustainable'' plants. For instance, participants who have purchased annuals, herbs, and vegetables 2.725*** 0.064 g i 2.338*** 0.086 z Double asterisks (**) and triple asterisks (***) denote significance at 5% and 1% levels, respectively. y u 0 to u 5 are the cutoff points in the mixed order probit model. .37*** 56.01*** 20.47*** 7.00*** 1.40 -z The null hypothesis is b 1 -b 2 = 0; the alternative hypothesis is b 1 -b 2 6 ¼ 0. y Double asterisks (**) and triple asterisks (***) denote significance at 5% and 1% levels, respectively. The critical values are 1.96 for 5% significance level and 2.58 for 1% significance level, respectively. in the past year have a greater interest in all of the ''sustainable'' plants in our study. Participants are less interested in organic plants in general, but they are more interested in buying organic plants that produce herbs and vegetables. The results are intuitive because consumers will eat the vegetables produced from these plants eventually and they perceive products produced from organic plants as healthier. Participants who purchased perennials in the past year are more interested in purchasing sustainable plants and locally grown plants than those people who have not purchased perennials. Participants who purchased shrubs in the past year are more interested in sustainable plants than those who have not purchased shrubs in the past year. Whether a participant had purchased trees in the past year did not affect their interest in the plants of our study. Interestingly, those participants who have purchased indoor plants are more interested in organic plants. The coefficients of the MSA variable for each type of plant are significant and negative, which indicates that participants who live in urban or suburban areas are less interested in all the types of plants in our study than those people who live in rural areas. We also found that there are some state-level differences among participants in terms of their interest in different types of plants. In the estimation, we used Indiana as the base for estimation, which means the coefficient of Indiana was set to zero. We found that participants from Michigan were more interested in plants grown in energy-efficient greenhouses and plants grown in biodegradable and compostable pots than participants from Indiana. We also found participants from Minnesota were more interested in plants grown in energy-efficient greenhouses than participants from Indiana.
Conclusions
Previous studies have shown consumers' interest in organic food products. Our study finds that consumers are not as enthusiastic about plants or their fertilizers being ''organic.'' This is because the health concerns (pesticide residues, nutritional value, and food safety) associated with food products are not as big an issue for plants. However, consumers are more interested in plants being locally produced, similar to the public's ever-increasing interest in local food products. One of the main reasons consumers purchase local products is to support the local economy and local farmers. In this sense, both local food products and local plants can achieve the same objective. Therefore, we see consumers' high interest in buying locally grown plants corollary to their interest in buying local food products.
Previous studies have shown consumer demand for product stewardship or environmentally conscious products is rapidly rising. For many participants in our survey, ''sustainability'' means ''eco-or environmentally friendly'' or ''energy-saving or energy-efficient or energyconserving.'' With the increasing emphasis on ''ecofriendly'' and ''renewable energy'' in the United States and around the world, more consumers are becoming aware of the importance of consuming products that are sustainable, which is also true for plants. Among the sustainable production practices, consumers are most concerned about the plants' pots. According to Hall et al. (2010) and Yue et al. (2010b) , nearly every floral crop and many nursery crops are grown in plastic containers. Botts (2007) reported that making nursery pots, flats, and cell packs uses %320 million pounds of plastic annually. Instead of being interested in making plants themselves more sustainable, consumers are more interested in Single asterisks (*), double asterisks (**), and triple asterisks (***) denote significance at 10%, 5% and 1% levels, respectively. y SEs in parentheses. The cutoff points of the ordered probit model are not reported as a result of space limit and they are available on readers' request.
making the pots more sustainable. Among the different types of pots, biodegradable and compostable pots are more desirable than recyclable pots.
The results have important marketing implications for the green industry in developing profitable niche markets. Among the sustainable practices, the nursery and floricultural industry should focus on promoting locally grown plants and plants grown in biodegradable and compostable pots. Marketing plants as ''sustainable'' or ''grown in energy-efficient greenhouses'' has the second best potential. Unlike food products, organic plants do not trigger high and prevailing interest among consumers as hypothesized by some earlier studies.
Our findings also indicate that the sociodemographic background of consumers affects their preferences for different types of plants, which also has important implications for target marketing. For example, we found that organic food purchasers were more interested in organic plants than non-organic feed purchasers, an important implication for plants produced in sustainable ways by the green industry.
The purpose of this study is to gain general insight into the interest of consumers in different types of sustainable plants and serve as a pioneer study in this research area. Bear in mind that the sample frame of this study is from four states (Minnesota, Indiana, Michigan, and Texas), so it is not necessarily representative of the entire U.S. population. Also, this study is a hypothetical survey without the exchange of money and goods, which might lead to some bias in results. In the future, non-hypothetical studies are needed to validate the results in different areas of the country.
